CLAI M5

[Claim1]

A compound for formng a nmetal-containing filmto
be contained in a conposition for formng a netal -
containing film wherein the conmpound is represented by

the follow ng general formula (A,

ORa2
I

R&”o{ M o} R#? (A)
Cl)Ra4 n

wherein Mrepresents Ti, Zr, or Hf; Rel, Ra2 Ra3 and Ra4
each represent an organic group represented by the
foll ow ng general fornula (1), a silicon-containing
organi c group represented by the follow ng general
formula (2), or an alkyl group having 1 to 10 carbon
atons, at |east one of Rel, Ra2, Ra3 and Ra4 bei ng an
organi c group represented by the foll ow ng general
formula (1) and at | east one of Rel, Raz Ra3 and Re4

being a silicon-containing organic group represented by

the follow ng general formula (2); and “n” represents 1
to 30,
O O
*/H\X W (1)

p

wherein X represents an organic group having 1 to 31
carbon atons and having a val ency of p+1l; Wrepresents
any structure represented by one of the follow ng
general fornmulae (W1l); “p” represents 1 to 4; and “*”

represents an attachnent point to an oxygen atom

137



R1 \ R‘I
P EES ol
*N *~N N o (W-1)
R1‘§R1 // R R
Ry

wherein Ry’s each represent a hydrogen atom or a net hyl
group and are identical to or different from each other
R> represents a hydrogen atom a substituted or

unsubsti tuted saturated or unsaturated nonoval ent
organi c group having 1 to 20 carbon atonms, a substituted
or unsubstituted aryl group having 6 to 30 carbon atons,
or a substituted or unsubstituted aryl al kyl group havi ng
7 to 31 carbon atons; and “*” represents an attachnent

poi nt,
R3A
|
*—8i—R (2)
|Q3C

wherein R3A R3B  and R3C each represent any organic group
sel ected from an organic group having 2 to 30 carbon
atonms and having a crosslinking group of any structure
represented by one of the follow ng general fornulae (c-
1) to (c-3), a substituted or unsubstituted al kyl group
having 1 to 20 carbon atoms, and an aryl group having 6
to 20 carbon atons; and “*” represents an attachnent

point to an oxygen atom
¢ *\f
*)K( (\o’jq\( SEA N
Ra

(c-1) (c-2) (c-3)

Rs
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wherein Rz represents a hydrogen atom or a npnoval ent

q
represents 0 or 1; and “*” represents an attachnment

organi c group having 1 to 10 carbon atons;
poi nt .

[ Claim 2]

The conmpound for form ng a metal -containing film
according to claim 1, wherein the X in the general
formula (1) represents a saturated hydrocarbon group
having 1 to 20 carbon atonms or an unsaturated
hydr ocar bon group having 2 to 20 carbon atons.

[ Claim 3]

The conmpound for form ng a nmetal -containing film
according to claim2, wherein the X in the general
formula (1) represents one of the foll owing general

formul ae (3),

* %
x= N=(7 7—(2 PN RN ©)
RE RO R 1 1 ’

wherein Rt and RP each represent a hydrogen atomor a
nonoval ent organic group having 1 to 18 carbon atons; R°
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 17 carbon atonms; Rt and R have a total of O
to 18 carbon atons, R2 and R optionally being bonded to
each other to forma cyclic substituent; and “*;” and
“*,” each represent an attachnent point to a carbonyl

group, “*1” and “*,” optionally being reversed.

[ Cl ai m 4]
The conmpound for form ng a metal -containing film
according to any one of claims 1 to 3, wherein the

silicon-containing organic group has a structure
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represented by one of the foll ow ng general fornulae
(2A),

R3D Ra $3D 330 $3D
*_érr\vﬁjjrj§b *-3——\ *-sp—\__ *=Si—= (2A)
|'Q3E O R3E \ RIE — R3E

wherei n R0 and R3E each represent an organic group
selected froma substituted or unsubstituted al kyl group
having 1 to 20 carbon atons and an aryl group having 6
to 20 carbon atons; R: is as defined above; “s”
represents 1 to 10; and “*” represents an attachnent

point to an oxygen atom

[ Cl ai m 5]

A conposition for formng a netal-containing film
conprising: (A) the conmpound for form ng a netal -
containing filmaccording to any one of clains 1 to 4;

and (B) an organic sol vent.

[ Cl ai m 6]

The conposition for form ng a netal-containing
filmaccording to claimb5, further conprising one or
nore of (C) a crosslinking agent, (E) a surfactant, and

(F) an acid generator.

[Claim 7]

The conposition for form ng a netal-containing
filmaccording to claim5 or 6, wherein the organic
solvent (B) contains, as (Bl) a high-boiling-point
solvent, one or nore kinds of organic solvent having a

boi l i ng point of 180°C or higher.
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[ Cl ai m 8]

The conposition for form ng a netal-containing
filmaccording to any one of claims 5 to 7, further
conprising (G netal oxide nanoparticles having an
average primary particle size of 100 nm or | ess.

[ Claim9]

The conposition for form ng a netal-containing
filmaccording to claim8, wherein the netal oxide
nanoparticles (G are selected fromthe group consisting
of zirconi um oxi de nanoparticles, hafnium oxide
nanoparticles, titanium oxide nanoparticles, tin oxide

nanoparticles, and tungsten oxi de nanoparticles.

[Claim10]

The conposition for form ng a netal-containing
filmaccording to any one of claims 5 to 9, further
conprising (BP) a flowability accel erator having any
organi c group represented by the follow ng general
formulae (3') and an aromatic ring,

*_ [ =~ ¥ ‘
Rg-C=C-R, *—Rg-C=C-Rj (3')
H H
wherein “*” represents an attachnment point to an oxygen
atom Rs represents a divalent organic group having 1 to
10 carbon atonms; and Ra represents a hydrogen atom or a

nonoval ent organic group having 1 to 10 carbon atons.

[Claim11]

The conposition for form ng a metal-containing
filmaccording to claim 10, wherein the flowability
accelerator (BP) has at |east one constitutional unit

represented by the follow ng general fornulae (BP-1),
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(BP-2), (BP-3), (BP-4), and (BP-5),

(BP-2)

wherein W and W each independently represent a benzene
ring or a naphthal ene ring, part of hydrogen atons in

t he benzene ring and the naphthal ene ring optionally
bei ng substituted with a hydrocarbon group having 1 to 6
carbon atons; each R a i ndependently represents either
group represented by the following fornmulae (4); Y
represents any group represented by the foll ow ng

formul ae (5); each “ni” independently represents 0 or 1;
each “n2” independently represents 1 or 2; and each V
i ndependently represents a hydrogen atom or an

attachnment point,

0 0
a 0-Z,—0 ‘a
(RO N}:é } 1 { ¢N /QOR jns 3
I . \ \_1
nd 15

wherein Zi represents any group represented by the
foll ow ng general fornulae (6); each R 2 i ndependently
represents either group represented by the follow ng

formul ae (4); each “ns” independently represents 0 or 1;
each “ns” independently represents 1 or 2; and each V
i ndependent|ly represents a hydrogen atom or an

attachnment point,

e~ \\\ @

wherein “*” represents an attachnent point to an oxygen

atom
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S S S S = ©)

wherein “*” represents an attachnent point,

(©)

wherein W, W, Y, and “ni” are as defined above; and “*”
represents an attachnment point,

wherein “ng” ‘my” each independently represent 1 or
2, Z represents a single bond or any structure
represented by the follow ng general fornulae (7); and
each Rx independently represents any structure

represented by the follow ng general fornulae (8),

O 0 Ra Re Re
S *i* 1"‘“!? *1;* *7Ey>7§* ﬂﬁéo—E:Iz}}o——* e
wherein “*” represents an attachnent point; “I”
represents an integer of 0 to 3; Ra to R each
i ndependently represent a hydrogen atom an al kyl group
having 1 to 10 carbon atons and optionally having a
substituent fluorine atom a phenyl group, or a

phenyl et hyl group, Ra and R, optionally being bonded to
each other to forma cyclic conpound,

ji 0 0 (i\/o‘<

R*=  x —O/\/\o Qy *AO/Y\OJ\Q‘I *

O
OH OH K{/\O_.{O

wherein “*” represents an attachnment point to an

)
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aromatic ring; and Q. represents a |linear saturated
hydr ocar bon group having 1 to 30 carbon atonms or a

structure represented by the followi ng general fornula

(9).

(9)

wherein “*” represents an attachnment point to a carbonyl
group; R represents either group represented by the
formulae (4); R represents a linear or branched

hydr ocar bon group having 1 to 10 carbon atons, a hal ogen
atom a nitro group, an amno group, a nitrile group, an
al koxycarbonyl group having 2 to 10 carbon atons, or an
al kanoyl oxy group having 1 to 10 carbon atoms; “n’3” and
“n’ 47 each represent a number of substituents on an
aromatic ring, the nunmber each representing an integer
of O to 7, provided that n'3tn’4 is O or nore and 7 or

l ess; and “n’s” represents 0 to 2,

[ (R~ (OR’a)ﬂ
- N X
| .
[ NN | @rs)

wherein R! represents a saturated nonoval ent organic
group having 1 to 30 carbon atons or an unsaturated
nonoval ent organic group having 2 to 30 carbon atons; X
represents a dival ent organic group having 1 to 30
carbon atons; R a2 represents either group represented by
the fornmulae (4); “p’” represents an integer of 0 to 5
and “qi1” represents an integer of 1 to 6, provided that
p’+q:1 is an integer of 1 or nore and 6 or less; and “q2”
represents 0 or 1.
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[Claim 12]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1-1) applying the conposition for formng a
nmet al -containing filmaccording to any one of clainms 5
to 11 onto a substrate to be processed, foll owed by
heating to forma netal-containing film

(1-2) formng a resist upper layer filmon the
metal -containing filmby using a photoresist materi al;

(1-3) subjecting the resist upper layer filmto
pattern exposure and then devel opnent with a devel oper
to forma pattern in the resist upper |ayer film

(1-4) transferring the pattern to the netal -
containing filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a nmask
and

(1-5) processing the substrate to be processed
whil e using the netal -containing film having the fornmed
pattern as a mask to formthe pattern in the substrate

to be processed.

[Claim 13]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1'1-1) applying the conmposition for formng a
netal -containing filmaccording to any one of clains 5
to 11 onto a substrate to be processed, followed by
heating to forma netal-containing film

(I'-2) formng a silicon-containing resist mddle
| ayer filmon the netal-containing film

(1'1-3) formng a resist upper layer filmon the

silicon-containing resist mddle layer filmby using a
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phot oresi st materi al ;

(I'l-4) subjecting the resist upper layer filmto
pattern exposure and then devel opnent with a devel oper
to forma pattern in the resist upper |ayer film

(I'l-5) transferring the pattern to the silicon-
containing resist mddle layer filmby dry etching while
using the resist upper |ayer film having the formed
pattern as a mask

(I'l-6) transferring the pattern to the netal -
containing filmby dry etching while using the silicon-
containing resist mddle |layer film having the
transferred pattern as a nmask; and

(1'l1-7) processing the substrate to be processed
whil e using the netal -containing film having the fornmed
pattern as a mask to formthe pattern in the substrate

to be processed.

[ Clai m 14]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1'11-1) applying the conposition for form ng a
nmetal -containing filmaccording to any one of clains 5
to 11 onto a substrate to be processed, foll owed by
heating to forma netal-containing film

(1'11-2) formng an inorganic hard mask m ddl e
| ayer film selected froma silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
metal -containing film

(1'11-3) formng an organic thin filmon the
i norgani ¢ hard mask m ddle layer film

(1'1'1-4) formng a resist upper layer filmon the
organic thin film by using a photoresist material;

(I'l'1-5) subjecting the resist upper layer filmto
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pattern exposure and then devel opment with a devel oper
to forma pattern in the resist upper |ayer film

(1'1'1-6) transferring the pattern to the organic
thin filmand the inorganic hard mask m ddle |layer film
by dry etching while using the resist upper layer film
having the fornmed pattern as a mask;

(1'1'1-7) transferring the pattern to the netal -
containing filmby dry etching while using the inorganic
hard mask m ddl e |ayer film having the transferred
pattern as a mask; and

(I''1-8) processing the substrate to be processed
whil e using the netal -containing film having the fornmed
pattern as a mask to formthe pattern in the substrate

to be processed.

[ Claim15]

The patterning process according to claim 14
wherein the inorganic hard mask mddle layer filmis
formed by a CVD nethod or an ALD net hod.

[Claim16]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1'V-1) applying the conposition for formng a
nmet al -containing filmaccording to any one of clainms 5
to 11 onto a substrate to be processed, foll owed by
heating to forma netal-containing film

(I'V-2) formng a resist underlayer filmon the
metal -containing film

(I'V-3) formng a silicon-containing resist mddle
| ayer filmor a conbination of an inorganic hard mask
m ddle | ayer filmselected froma silicon oxide film a

silicon nitride film and a silicon oxynitride film and
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an organic thin filmon the resist underlayer film

(I'V-4) formng a resist upper layer filmon the
silicon-containing resist mddle layer filmor the
organic thin filmby using a photoresist materi al;

(I'V-5) subjecting the resist upper layer filmto
pattern exposure and then devel opment with a devel oper
to forma pattern in the resist upper |ayer film

(I'V-6) transferring the pattern to the silicon-
containing resist mddle |layer filmor the organic thin
filmand the inorganic hard mask m ddle |ayer film by
dry etching while using the resist upper |ayer film
having the formed pattern as a mask;

(I'V-7) transferring the pattern to the resist
underl ayer filmby dry etching while using the silicon-
containing resist mddle |layer filmor the inorganic
hard mask m ddl e |ayer film having the transferred
pattern as a mask

(I'V-8) transferring the pattern to the netal -
containing filmby dry etching while using the resist
underl ayer film having the transferred pattern as a
mask; and

(I1'V-9) processing the substrate to be processed
whil e using the netal-containing film having the formed
pattern as a mask to formthe pattern in the substrate
to be processed.

[Claim 17]

A tone-reversal patterning process for formng a
pattern in a substrate to be processed, conprising the
steps of:

(V-1) formng a resist underlayer filmon a
substrate to be processed;

(V-2) formng a resist mddle |layer filmor a
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conmbi nation of an inorganic hard mask m ddl e [ayer film
selected froma silicon oxide film a silicon nitride
film and a silicon oxynitride filmand an organic thin
filmon the resist underlayer film

(V-3) formng a resist upper layer filmon the
resist mddle layer filmor the conbination of the
i norgani ¢ hard mask m ddle layer film and the organic
thin filmby using a photoresist materi al;

(V-4) subjecting the resist upper layer filmto
pattern exposure and then devel opment with a devel oper
to forma pattern in the resist upper |ayer film

(V-5) transferring the pattern to the resist
m ddl e layer filmor the organic thin filmand the
i norgani ¢ hard mask m ddle layer film by dry etching
whil e using the resist upper layer film having the
formed pattern as a mask

(V-6) transferring the pattern to the resist
under |l ayer filmby dry etching while using the resist
m ddl e | ayer filmor the inorganic hard mask m ddl e
| ayer film having the transferred pattern as a mask;

(V-7) applying the conposition for formng a
nmetal -containing filmaccording to any one of clains 5
to 11 onto the resist underlayer film having the formed
pattern, followed by heating to cover the resist
underl ayer filmwith a netal-containing film thereby
filling a space between the resist underlayer film
patterns with the netal-containing film

(V-8) etching back the netal-containing film
covering the resist underlayer film having the fornmed
pattern by a chem cal stripper or dry etching to expose
an upper surface of the resist underlayer film having
the formed pattern;

(V-9) renoving the resist mddle [ayer filmor the
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i norgani ¢ hard mask m ddle layer filmremining on the
upper surface of the resist underlayer filmby dry
et ching;

(V-10) renoving the resist underlayer film having
the formed pattern with its surface exposed by dry
etching to forma reverse pattern of an original pattern
on the netal-containing film and

(V-11) processing the substrate to be processed
whil e using the netal -containing film having the fornmed
reverse pattern as a mask to formthe reverse pattern in

the substrate to be processed.
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